This is information can be used by researchers and clinicians to inform their choice of 69 outcome measure and can provide evidence to support the development of new PROMs. 70
• One strength of this review is that the methodological quality of included studies will be 71 assessed using the internationally recognised, validated COSMIN checklist. 72
• Further strengths included a clear methodology for data collection and synthesis. 73
• Limitations include an acknowledged language bias whereby only studies and 74 instruments in English will be included. 
INTRODUCTION 77
Individuals report that listening with a hearing loss is effortful, particularly in adverse 78 listening conditions with consequences for an individual's well-being and quality of life [1] [2] [3] [4] . 79
The emphasis of audiological assessment is traditionally focussed on ensuring adequate 80 audibility of the speech signal. However, ensuring audibility has not been found to ameliorate 81 fully the associated experiences of effort, fatigue, and stress reported by clients in the hearing 82 clinic. Indeed, even with appropriate provision of assistive hearing devices such as hearing 83 aids or cochlear implants, need to invest listening effort is often viewed by clients as central 84 to their experience of hearing loss. 5 
85
Listening effort has been considered to mean the attentional and cognitive resources 86 needed to understand an auditory message. 1 6-8 Recently there has been an increase in the 87 number of published studies on listening effort commensurate with a growing appreciation of 88 the role of cognition in listening. 6 Importantly, listening effort as a theoretical construct 89 continues to evolve with an increased awareness of the importance of social-psychological 90 factors (such as motivation and determination) in informing the experience of effortful 91 listening. 9 
92
Further investigation of self-report measures of perceived listening effort is warranted, 93 particularly in light of the newly developed Framework for Understanding Effortful Listening 94 (FUEL) and a recognised need for robust, validated outcome measures of listening effort with 95 clinical utility. 10 Understanding the experience of effortful listening and its impact on 96 everyday listening and quality of life for individuals with hearing loss is critical to ensure the 97 efficacy of hearing interventions including aural rehabilitation and the provision of hearing 98
technology. 99
In the published literature, listening effort is typically measured using physiological 100 measures, behavioural measures, and self-report measures. Self-report measures have 101 included: condition-specific questionnaires to assess listening effort particularly; generic 102 questionnaires of workload performance; and scaling techniques, such as visual analogue 103 scales, to rate the effort associated with specific listening tasks. McGarrigle et al. 8 and Klink 104 et al. 11 have reviewed the methods used to measure listening effort as reported in the 105 literature. However, to the authors' knowledge no systematic review has been undertaken to 106 appraise the psychometric properties of self-report or patient-reported outcome measures 107 (PROMs) used to measure perceived listening effort. 108
The aim of this systematic review is to identify and appraise the quality of PROMs 109 available to measure perceived listening effort in hearing loss. Conducting this review will 110 present a summary of available instruments and, if indicated, evidence of the need for a new 111 instrument to assess perceived listening effort in individuals with hearing loss. 112
113

METHODS AND ANALYSIS 114
Design 115
The protocol was developed using the Preferred Reporting for Items for Systematic 116
Reviews and Meta-Analyses (PRISMA) -Protocols checklist 12 and is registered with 117 PROSPERO, the international prospective register of systematic reviews (Trial Registration 118
Number: CRD42016048808). The conduct and reporting of this review will be in accordance 119 with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 120 statement. 13 
121
Search Strategy 122
The systematic review will involve a broad and comprehensive search guided by the 123
Cochrane Review Group's checklist for electronic search strategies.
14 Search strategies will 124 be developed with an emphasis on sensitivity, not specificity, to ensure comprehensiveness 125 and the identification of all relevant instruments. The search process will be documented in 126 detail so it is repeatable. Any changes to the search strategy will be recorded together with a 127 rationale. 128
Searches will be undertaken for three constructs: 1) terms relating to 'listening effort', 129
2) terms relating to 'hearing loss', and 3) terms relating to PROMs including a modified 130 version of the Oxford PROM filter 15 and names of questionnaires known to be used in the 131 measurement of perceived listening effort. The terms within each group will be combined 132 with a Boolean "OR" command and then searched in combination using a Boolean "AND" 133 command. Relevant construct filters will be applied to specific databases where applicable. 134
A variety of information sources will be searched to ensure the search is 135
comprehensive. The following databases will be searched from their inception to present 136 date: MEDLINE (Ovid), EMBASE (Ovid), CINAHL (EBSCO), PsychINFO (Ovid), and 137
Web of Science (Thomson Reuters). In addition to electronic bibliographic databases, the 138 reference lists of included studies and study registries will be hand searched and documented 139 on the study database. A search of the 'grey' literature will be undertaken which include 140 conference proceedings, theses, and informal communications (e.g., emails, blogs). 141
The search strategy for MEDLINE (Ovid) was developed iteratively with expert 142 support from medical sciences librarians at Swansea University and Abertawe Bro 143
Morgannwg University Health Board and tailored specifically for each database to be 144 searched (see Appendix 1 for the full MEDLINE (Ovid) search strategy). Test searches will 145 be conducted to ensure the viability of the final strategies. Before commencing the searches, 146 the strategies will be reviewed checked against the Peer Review of Electronic Search 147 Strategies (PRESS) Guidelines. 16 
148
Selection of Studies 149
A study will be included for review if it is a full-text, original article which is 150 concerned with the development and/or assessment of the measurement properties of an 151 regards the eligibility of a study, additional information will be sought from study authors. If 180 discrepancies persist, a third reviewer will be consulted and the decision whether to include a 181 study reached through discussion. The reviewers will not be blinded to the journal titles, to 182 the study, or to the institutions. A PRISMA flow diagram 13 will be used to document the flow 183 of information through the review phases. 184
Data Extraction: Two reviewers will independently extract data from included studies. 185
Disagreements will be resolved through discussion and, if necessary, a third reviewer will be 186 consulted. A data extraction form and an accompanying guidance document will be 187 developed and pilot tested to standardise the information recorded and to aid analyses. 188
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Data Synthesis 218
A systematic narrative analysis will be presented with information displayed in tables 219 and text to summarise the characteristics and findings of selected studies including 220 methodological quality, quality of psychometric properties of instruments, and instrument 221 credibility. 222
1) Assessment of Methodological Quality of Included Studies: The Consensus-based 223
Standards for the Selection of Health Measurement Instruments (COSMIN) checklist will 224 be used to assess the methodological quality of studies included in the review. 6 
18-21
225
Mokkink et al. 18 assert that it is important to assess the methodological quality of primary 226 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 by an international panel of experts and represents the "gold standard" for appraising and 228 reporting on the methodological rigour of studies of instrument development and 229 validation for inclusion in a systematic review. The COSMIN Checklist is comprised of 230 nine boxes, each with 5-18 items, concerning measurement standards for how each 231 measurement property should be assessed. It will be utilised to ascertain whether a study 232 meets the standards for good methodological quality. Each item will be given a rating 233 using a 4-point rating scale (i.e., "poor," "fair," "good," and "excellent"). An overall 234 score for each measurement property will be assigned by taking the lowest rating of any 235 item within a box (i.e., "worst score counts"). The methodological quality will, therefore, 236
be assessed on a property-by-property basis, rather than as a cumulative score, and 237 displayed in tabular format showing the methodological quality of each study per 238 measurement property and per questionnaire. The measurement properties to be evaluated 239 as defined by the COSMIN checklist 18 include: 240 a) Internal Consistency -"The degree of interrelatedness among items". 18 
241
b) Reliability -"The proportion of the total variance in the measurements which is due 242 to "true" differences between patients". in the construct to be measured". 18 
258
A narrative, summarising the methodological quality of included studies per 259 questionnaire, will also be presented. 260
2) Quality of the psychometric properties of PROMs: The quality of each PROM will be 261 assessed using the criteria developed by Terwee et al. 22 in a best-evidence synthesis based 262 on the included studies. A rating of "positive," "indeterminate," "negative," or 263
"unknown" will be assigned to each instrument based on the number of studies, the 264 consistency of results across studies and their methodological quality. 265
3) Assessment of Credibility: Cohen et al.'s 23 criteria will be applied to ascertain the 266 credibility of each PROM. These criteria consider the number of peer-reviewed articles 267 that assess an instrument's measurement properties, the information available, and the 268 detailed statistics of the psychometric measurement properties of the measure. 269
ETHICS AND DISSEMINATION 270
No ethical issues are foreseen. The findings of this review will be submitted for 271 publication in a peer-reviewed journal and reported at national and international ENT, 272 cochlear implant, and audiology conferences. 273
CONCLUSION 274
Ameliorating the burden of high levels of perceived listening effort experienced in 275 hearing loss is one of the current challenges encountered by hearing clinicians and 276 
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Methods and analysis: A systematic review of studies evaluating the measurement 54
properties of PROMs available to measure LE in HL will be undertaken. Medline, EMBASE, 55 CINAHL, PsychInfo, and Web of Science will be searched electronically. Reference lists of 56 included studies, key journals, and the grey literature will be hand-searched to identify further 57 studies for inclusion. Two reviewers will independently complete title, abstract, and if 58 appropriate full text screening to determine study eligibility. Data on the characteristics of 59 each study and each PROM will be extracted. Methodological quality of the included studies 60 will be appraised using the Consensus-based Standards for the selection of health 61 Measurement INstruments (COSMIN), the quality of included PROMs appraised, and the 62 credibility of the evidence assessed. A narrative synthesis will summarise extracted data. 63 Ethics and dissemination: Ethical permission is not required, as this study utilises data from 64 published research. Dissemination will be through publication in peer-reviewed journals, 65 conference presentations, and the lead author's doctoral dissertation. Findings may inform the 66 selection of PROMs used to measure LE in HL. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
STRENGTHS AND LIMITATIONS 70
• This systematic review protocol makes an original contribution by locating and 71 synthesising evidence from primary research studies to ascertain the quality and 72 credibility of PROMs used to measure perceived listening effort. This information may be 73 used by researchers and clinicians to inform their choice of outcome measure and may 74 provide evidence to support the development of new PROMs to assess listening effort. 75
• A strength of this review is its use of the internationally recognised, validated COSMIN 76 checklist to assess the methodological quality of the included studies. 77
• The protocol complies with a well-established systematic review methodology that is 78 transparent and replicable. Data collection, data extraction, and data synthesis methods 79 are based on internationally recognised, published standards. 80
• Limitations include an acknowledged language bias whereby only studies and 81 instruments in English will be included. However, studies published in English that 82 describe cross-cultural validation of instruments from English into other languages will 83 be included. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Rationale: 87
Individuals report that listening with a hearing loss is effortful, particularly in adverse 88 listening conditions with consequences for an individual's well-being and quality of life. [ 
1] 89
The emphasis of audiological assessment is on ensuring adequate audibility of the speech 90 signal. However, ensuring audibility has not been found to remove fully the listening 91 difficulties experienced in hearing loss. The result is a continued need by individuals to invest 92 high levels of listening effort. Over time, the requirement for consistently high expenditure of 93 effort can negatively impact quality of life.
[2-5] 94
Listening effort has been defined as the attentional and cognitive resources needed to 95 understand an auditory message and is recognised as a specific form of mental effort that 96 occurs when a task involves listening. In the published literature to date, listening effort has been measured using 103 physiological measures, behavioural measures, and self-report measures. Self-report 104 measures have included: condition-specific questionnaires to assess listening effort 105 particularly; generic questionnaires of workload performance; and scaling techniques such as 106 visual analogue scales to rate magnitude of effort associated with a specific listening task. 107 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Objectives 137
This protocol will include the review of disease-specific and generic PROM instruments used 138 to measure listening effort in adults with any degree of hearing loss. The specific objectives 139 the review will address are as follows: 140
• Identify PROMs used to measure perceived listening effort in hearing loss and collate 141 independent evidence from studies describing any aspect of the development and 142 validation of these measures. 143
• Assess the methodological quality of the studies included in the review. 144
• Assess the quality of the identified PROMs' measurement properties. 145
• Determine the credibility of the evidence regarding the quality of the included PROMs. 146
147
METHODS AND ANALYSIS 148
This protocol was developed using the Preferred Reporting for Items for Systematic 149
Reviews and Meta-Analyses-Protocols (PRISMA-P) checklist [13] and is registered with 150 PROSPERO, the international prospective register of systematic reviews (PROSPERO 151 Registration Number: CRD42016048808). The conduct and reporting of this review will be 152 in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 153
Eligibility Criteria 155
A study will be included for review if it is a full-text, original article which reports on 156 some aspect of the development and/or assessment of the measurement properties of an 157 original version of a PROM used to measure listening effort. The following inclusion and 158 exclusion criteria will be applied: 159 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 reporting on the translation and/or cross-cultural validation of instruments into other 176 languages will be included. 177
Information Sources and Search Strategy 178
The systematic review will involve a broad and comprehensive search guided by the 179 Cochrane Review Group's checklist for electronic search strategies.
[15] Search strategies 180 will be developed with an emphasis on sensitivity, not specificity, to ensure 181 comprehensiveness and the identification of all relevant instruments. The search process will 182 be documented in detail so it is repeatable. Any changes to the search strategy will be 183 recorded together with a rationale. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 2) terms relating to 'hearing loss', and 3) terms relating to PROMs including a modified 186 version of the Oxford PROM filter [16] and names of questionnaires known to be used in the 187 measurement of perceived listening effort. The terms within each group will be combined 188 with a Boolean "OR" command and then searched in combination using a Boolean "AND" 189 command. Relevant construct filters will be applied to specific databases where applicable. Test searches will be conducted to ensure the viability of the final strategies. Before 202 commencing the searches, the strategies will be reviewed and checked against the Peer 203
Review of Electronic Search Strategies (PRESS) Guidelines.[17] 204
Study Records 205
Literature search results will be saved and the titles and abstracts of identified studies 206 will be downloaded to Endnote Reference Management software (version 7). Duplicates will 207 be removed using the "check for duplicates" function of Endnote and manual de-duplication. 208
Duplicates will be kept in a separate folder. Two reviewers will independently screen the 209 reports will be retrieved for the remaining records. These full-text records will be subject to 212 further screening to identify eligible studies and thereby arrive at a final set of records for 213 inclusion in the review. Excluded records along with a reason for their exclusion will be 214 logged in a table at the full-text stage of the screening process and then stored in a separate 215 file within Endnote. Where queries exist as regards the eligibility of a study, additional 216 information will be sought from study authors. If discrepancies persist, a third reviewer will 217 be consulted and the decision whether to include a study reached through discussion. The 218 reviewers will not be blinded to the journal titles, to the study, or to the institutions. A 219 PRISMA flow diagram[14] will be used to document the flow of information through the 220 review phases. 221
Data Items 222
Two reviewers will independently extract data from the included studies. Disagreements 223 will be resolved through discussion and, if necessary, a third reviewer will be consulted. A 224 data extraction form and an accompanying guidance document will be developed and pilot 225 tested to standardise the information recorded and to aid analyses. Extracted information will 226 be presented in tabular format. The following data will be extracted: 227
1) Summary data of included studies:
The data extraction form will record summary data 228 from the included studies as recommended by Patrick and Guyatt [18] including: 229 a) Author 230 b) Year of publication 231 c) Study characteristics (i.e., design). Studies will be categorised as either 1) those 232 studies which specifically set out to evaluate psychometric properties, or 2) studies in 233 which a candidate PROM has been used in a trial or observational study and 234 3) Evidence of the psychometric measurement properties of the studied PROMs. 254
Data Synthesis 255
A systematic narrative synthesis of best evidence [19] will be presented. Information 256 will be displayed in tables and text format to summarise the characteristics of the included 257
PROMs and the findings of selected studies including methodological quality, quality of 258 psychometric properties of instruments, and instrument credibility. 259 Checklist is comprised of nine boxes, each with 5-18 items, concerning measurement 268 standards for how each measurement property should be assessed. It will be used to 269 ascertain whether a study meets the standards for good methodological quality. Each item 270 will be given a rating using a 4-point rating scale (i.e., "poor," "fair," "good," and 271 "excellent").
[23] An overall score for each measurement property will be assigned by 272 taking the lowest rating of any item within a box (i.e., "worst score counts"). The 273 methodological quality will, therefore, be assessed on a property-by-property basis, rather 274 A narrative summarising the methodological quality of included studies per questionnaire 299 will also be presented. 300
2) Quality of the psychometric measurement properties of PROMs: The quality of each 301 PROM will be assessed using the criteria developed by Terwee et al.[24] in a best-302 evidence synthesis based on the included studies. A rating of "positive," "indeterminate," 303 "negative," or "unknown" will be assigned to each measurement property per instrument 304 based on the number of studies, the consistency of results across studies and their 305 methodological quality. A narrative summary will be presented using tables and text. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 [25] will be applied to 307 appraise the degree to which the credibility of the different outcome measures has been 308 established. A rating of 'well-established assessment", "approaching well-established 309 assessment" or "promising assessment" will be assigned based on the number of peer-310 reviewed articles that assess an instrument's measurement properties, the information 311 available, and the detailed statistics of the psychometric measurement properties of the 312 measure. A synthesis of findings will be presented in tabular format. 313
ETHICS AND DISSEMINATION 314
No ethical issues are foreseen. The findings of this review will be submitted for 315 publication in a peer-reviewed journal, reported at national and international ENT, cochlear 316 implant, and audiology conferences, and included in the lead author's doctoral dissertation. 317
CONCLUSION 318
Ameliorating the burden of high levels of perceived listening effort experienced in 319 hearing loss is one of the current challenges encountered by researchers and by professionals 320 in the hearing clinic. This challenge is, in part, due to the multi-dimensional nature of the 321 listening effort construct and debate concerning which methodologies are suitable for its 322 measurement. Pichora-Fuller et al. [1] have identified a paucity of validated outcome 323 measures and have highlighted a need for instruments to be developed to measure perceived 324 listening effort in the hearing clinic. This systematic review will summarise and critically 325 appraise the psychometric measurement properties of existing PROMs used to assess 326 listening effort that have been reported in the published literature. It will enable researchers 327 and clinicians to understand the quality of existing measures and confirm whether there is a 328 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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